We have compared the expression patterns of the mouse Forkhead homologue 1/ mesoderm/mesenchyme forkhead 1 (Fkh1/Mf1) gene with that of the highly related winged helix gene Mfh1 in late gestation mouse embryos. Transcripts for both genes are restricted to derivatives of the mesoderm. Co-expression was found in cartilage primordia of the head, ribs, vertebra and bones. However, in several structures analyzed, Fkh1/Mf1 signals are lower in the inner layers of the developing cartilage than those of Mfh1.
The mouse winged helix gene family members Mfh1, Mf2, Fkh5/Mf3 and Fkh1/Mf1 are expressed in embryonic mesoderm and might control paraxial mesoderm and somite patterning and differentiation (Ang et al., 1993; Kaestner et al., 1993 Kaestner et al., , 1996a Miura et al., 1993; Sasaki and Hogan, 1993) . Recently, Mfh1 was shown to be required for proliferation and patterning of paraxial mesoderm by gene targeting and for aortic arc patterning (Iida et al., 1997; Winnier et al., 1997) . Mice lacking the MFH1 protein exhibit multiple craniofacial and vertebral column defects, which appear to result from reduced proliferation of sclerotome-derived cells. Mfh1 is closely related to a winged helix gene which we had isolated in a screen 4 years ago and termed Fkh1 (Forkhead homologue 1) (Kaestner et al., 1993) . The same gene was isolated independently by Sasaki and Hogan and termed Mf1 (Sasaki and Hogan, 1993) .
Sasaki and Hogan found expression in the entire nonnotochordal mesoderm including the prechordal plate.
Between day 7.5 p.c. and 9.0 p.c. expression was seen in neural-crest-derived head mesenchyme as well as in paraxial, medial mesoderm and the medial part of lateral mesoderm in the trunk. After this stage, the authors did not detect any Fkh1/Mf1 expression and therefore concluded that its expression was restricted to early embryogenesis. In a previous study using RNase protection assays we demonstrated highest expression in early mid-gestation embryos but also detected Fkh1/Mf1 transcripts from this time onwards throughout embryogenesis (Kaestner et al., 1993) . In order to assess whether Fkh1/Mf1 is also expressed in adult mice we performed RNase protections with a variety of adult mouse tissues (data not shown). Expression of the Fkh1/ Mf1 gene is relatively low in adults when compared to that in day 11.5 p.c. embryos. Nevertheless, Fkh1/Mf1 mRNA was detected in all adult organs analyzed except in liver. Highest expression is found in heart, kidney, adrenals and brain. In order to define the cellular localization of the Fkh1/Mf1 mRNA we performed in situ hybridization on day 12.5 p.c. embryos. Due to the striking sequence similarity to Mfh1, we directly compared the hybridization patterns of the two genes on adjacent sections (Fig. 1) . Fkh1/ Mf1 is comparable with Mfh1, expressed in head mesench-yme but stronger in somitic and presomitic mesoderm (Sasaki and Hogan, 1993; Kaestner et al., 1996a) . At embryonic day 12.5 p.c. Fkh1/Mf1 and Mfh1 are expressed in overlapping yet distinct domains in cartilage primordia of nasal capsule, nasal septum and Meckel's cartilage (Fig. 1B, D, E) . In contrast to Mfh1, Fkh1/Mf1 signals are lower in the central layers of the developing cartilage which was observed in a variety of primordial structures (e.g. nasal capsule and septum, Meckel's cartilage in Fig. 1A-D) . Furthermore, co-expression of Fkh1/Mf1 and Mfh1 can be found in embryonic cartilage, which forms the primordia of future bones, for example in the ribs (Fig. 1E,F) and developing vertebrae (Fig. 1G,H) . In the developing vertebra the expression of Fkh1/Mf1 is more restricted. In contrast to Fkh1/Mf1, high expression of Mfh1 is observed in the vertebral body itself. Co-localized signals for Fkh1/Mf1 and Mfh1 were further observed in embryonic cartilage which forms the primordia of long bones (Fig. 2C and data not shown) and the otic capsule (Fig. 2D) . Moreover, co-expression was found in the mesenchyme surrounding the trachea (Fig. 1G,H ) and the optic nerve ( Fig. 2A,B and data not shown) as well as in cranial mesenchyme ( Fig. 2A and data not shown). In addition, kidney mesenchyme is found to show expression of both Fkh1/Mf1 and Mfh1 genes (data not shown; Sasaki and Hogan, 1993; Kaestner et al., 1996a) . Notochord and dorsal root ganglia were devoid of any hybridization signals.
Summarizing, the winged helix genes Fkh1/Mf1 and Mfh1 not only show considerable sequence homology but also share extensive overlap in their sites of expression. Although the expression of Fkh1/Mf1 and Mfh1 overlap in most mesenchymal tissues, these genes also exhibit distinct sites of expression in the tongue, submandibular duct and gland, as well as in the vomeronasal organ. Transcripts for both genes are present in overlapping populations of mesoderm cells defining distinct domains within the primordia of cartilage and bones.
In situ hybridization
Mouse embryos were obtained from matings between NMRI mice. Embryos were fixed in 4% paraformaldehyde (pH 7.2) overnight. After dehydration through an ethanol series and clearing in toluene embryos were embedded in paraffin and sectioned at 5 mm. In situ prehybridization and hybridization was carried out as described previously (Wilkinson, 1992) . A 700 bp NotI fragment of Fkh1/Mf1 cDNA served as template for both antisense probe and sense control. The probe for Mfh1 has been described. (Kaestner et al., 1996a). Slides were dipped in Kodak NTB2 emulsion diluted 1:1 with water, exposed for 2 weeks and developed using Kodak D19 developing solution and Kodafix at 15°C for 4 min. Sections were stained using eosin and hematoxilin and visualized using a Zeiss Axiophot microscope.
